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Pressure Measurement And Relief 
For Microwave-Assisted Chemical 

Reactions 

Background of Invention 

[0001] The present invention relates to microwave assisted chemical techniques. In 

particular, it relates to methods and apparatus for carrying out sophisticated chemical 
reactions, particularly organic synthesis and related types of reactions, with an 
emphasis on carrying out reactions rapidly in relatively small quantities to thereby 
more quickly evaluate larger numbers of reactants, products, by-products and 
chemical pathways. 

[0002] The use of microwaves to provide the heat or the kinetic energy (or both) to drive 
certain types of chemical reactions is generally well understood. Microwaves are those 
waves within the portion of the electromagnetic spectrum with frequencies of between 
about 300 and 300,000 megahertz (MHz) and wavelengths of between about 1 
centimeter and 1 meter. The borders between various types of electromagnetic 
radiation (e.g., visible, infrared, ultraviolet, etc.) are, however, arbitrary rather than 
definite. The terms are, however, well understood in their context and in this art. 

[0003] Microwave radiation and microwave-assisted techniques are generally well- 
established for robust chemical reactions such as digestion and drying of suitable 
materials. More recently, the speed with which microwaves can apply energy to a 
reaction, and the fact that the microwave energy itself can drive the reaction rather 
than just creating heat to secondarily drive the reaction, has led to increased interest 
in using microwave radiation for more sophisticated chemical techniques, such as 
organic synthesis, particularly synthesis in relatively small quantities that are 
consistent with the needs of modern synthesis protocols, such as combinatorial 
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chemistry. Both general and specific discussion of such techniques are set forth in 
Hayes, Microwave Synthesis-Chemistry at the Speed of Light, CEM Publishing (2002) 
(ISBN 0-9722229-0-1). 

[0004] Accordingly, a new generation of instruments has been developed for this 
purpose, and by way of illustration and background, can be well understood by 
evaluating the disclosures of several co-pending and commonly assigned 
applications. These include published applications US 200201 01 310, US 
20020121 513, US 200201 17498, US 20020102738 and WO 02/062104, and 
unpublished (to date) U.S. applications Serial Nos. 09/773,898 filed January 3 1 , 2001 
("Pressure Measurement in Microwave-Assisted Chemical Synthesis") and 10/126,838, 
filed April 19, 2002 ("Microwave Assisted Chemical Synthesis Instrument with 
Controlled Pressure Release"). The contents of all of these are incorporated entirely 
herein by reference. 

[0005] As set forth in these disclosures, more recent techniques and instruments 

incorporate relatively small microwave cavities that support a single or other defined 
modes of microwave radiation that are more suitable for promoting reactions between 
reactants present in very small quantities that would be difficult to heat with more 
conventional microwave instruments. Commercially, recently available devices include 

TM , TM 
the EXPLORER , and DISCOVER instruments from CEM Corporation, the 

assignee of the present invention. In these instruments, a single mode cavity is 
matched with a removable attenuator, which also serves as a support mechanism for a 
reaction vessel. In this manner, reaction vessels can be quickly inserted into the 
instrument, have microwave radiation applied to them, and then be removed for the 
next step in whatever analysis or synthesis of interest is taking place. 

[0006] 

As set forth in Publication No. US 20020121 513, the pressure inside of a vessel 
during the application of microwaves can be measured by penetrating the vessel with 
a needle in communication with a pressure measuring device. In the "513 Publication, 
the reaction vessel is typically capped with a flexible, penetrable cover or septum 
through which a needle can be inserted without compromising the pressure integrity 
of the vessel, because of the manner in which the penetrable septum quickly 
surrounds and grips the penetrating needle. The annulus of the needle is in 
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communication with a pressure-measuring device, typically a transducer, so that the 
pressure in the reaction can be monitored. 

[0007] Although these instruments and the needle-penetrated septum arrangement for 
pressure measurement offer a number of advantages, there are additional types of 
reactions for which a physically-penetrating pressure measurement is less suitable. 
For example, a pressure release may not be controllable; i.e., it may operate in an all- 
or-nothing fashion. Additionally, the contents of the vessel and the needle may be 
mutually reactive; i.e., the needle may corrode, react to form unwanted byproducts, or 
even catalyze an undesired or unexpected reaction. As another potential factor, 
certain reactions are most suitably carried out in the absence of oxygen (and thus in 
the absence of air) or, stated in the affirmative, in the presence of some inert gas such 
as nitrogen or one of the noble gases such as argon or helium. In such cases, pressure 
measurement using a device that penetrates into the reaction vessel and provides a 
communication path for fluids and gases outside of the vessel can be 
disadvantageous or inappropriate. Thus, in such cases it can be likewise 
disadvantageous to attempt to measure pressure using some sort of fluid 
communicating device, such as the needle, between the transducer and the vesseTs 
contents. 

[0008] Pressure measurement is, however, often an important factor in tracking the 

progress of certain reactions. The measured pressure can be an indication of desired 
products, undesired by-products, completion of a reaction, or loss of control over the 
reaction. Thus, resolving pressure-measurement problems by simply foregoing 
pressure measurement is an undesired option in many circumstances. 

[0009] Accordingly, a need exists for a method of measuring pressure in such reaction 
vessels without penetrating the vessel during the reaction. Devices exist for such 
purposes, including (in a somewhat unrelated environment) U.S. Patent No. 6,287,526, 
which is commonly assigned with the present application. In a more analogist 
environment, Persona! Chemistry, Inc. (Foxboro, Massachusetts) provides the Emrys 

TM _ TM 

Synthesizer and Emrys Process Vials for this purpose. 

[001 0] Emrys ™ vessels nevertheless demonstrate certain of the problems with such 

vessels. As illustrated by Personal Chemistry 
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(www.personalchemistry.com/products/smith_vials.xml) the vessels include a sealing 
metal cap that typically holds a septum in place over the mouth of the vessel. These 
vessels and caps will typically remain intact and maintain their seal at pressures of 
about twenty atmospheres or even more. They cannot, however, release intermediate 
pressures. Additionally, because their functional status is either pressure-sealed or 
fully unsealed, they typically can not or should not be opened immediately upon 
completion of a pressure-generating reaction. As a result, the pressure-containing 
vessels must either be opened in some more sophisticated fashion, or be allowed to 
cool sufficiently to moderate the internal pressure. 

[001 1] As another consideration, a number of reactions can be or should be carried out 
at slightly elevated pressures, or will generate slightly elevated pressures as they 
proceed. In such cases, the amount of pressure generated needs to be both monitored 
and controlled; i.e., if the increased pressure is within a desired or expected limit, the 
reaction should be allowed to proceed. If, however, for some reason the pressure 
exceeds a predetermined or desired limit, the reaction may need to be slowed or 
stopped, and the excess pressure may need to be released for safety purposes. 

[0012] Accordingly, in addition to measuring pressure without penetrating the vessel, a 
corresponding need exists for sealing a vessel in a manner that permits it to 
accommodate a desired higher pressure, while still providing a means for handling 
excess pressure in a safe and reliable fashion. 

Summary of Invention 

[001 3] In a first aspect, the invention is a pressure-sealing, pressure-monitoring closure 
assembly for non-invasively sealing a reaction vessel to a defined release pressure in 
microwave-assisted chemistry. The closure comprises a pressure-resistant, 
microwave-transparent reaction vessel, one portion of which defines a mouth for the 
vessel, a flexible pressure-transmitting releasable cover assembly on the mouth of the 
vessel, a pressure transducer on the cover assembly and external to the vessel for 
monitoring the pressure in the vessel as exerted against the flexible cover assembly, 
and a clamp for urging the vessel, the cover assembly and the transducer together 
under a defined force so that when the pressure in the vessel exceeds the defined 
force, the cover assembly can flex and release the pressure from the vessel. 



APP_ID= 10065851 Page 4 of 32 



1 OOSSKiS *Ii 



[0014] 



In another aspect the invention is a method for non-invasively monitoring and 



releasing pressure in a reaction vessel in microwave-assisted chemistry by clamping a 
microwave-transparent reaction vessel and a pressure-sensing transducer together 
with the transducer and the vessel in pressure-transmitting contact with one another, 
taring the clamping force from the transducer's measurement so that the transducer 
measures the net force exerted by pressure in the vessel and against the cover, 
applying microwave radiation to the vessel and its contents, and monitoring the 
pressure sensed by the transducer as the microwaves are applied to the vessel, 
characterized by clamping a flexible cover assembly to the vessel and adjusting the 
clamping force to a predetermined applied amount so that when pressure in the 
vessel exceeds the predetermined applied amount, the cover will flex and release the 
excessive pressure. 



[001 5] In another aspect, the invention is a method of noninvasive pressure measurement 
and control in microwave assisted chemistry comprising urging a transducer against a 
flexible, pressure-releasing portion of a microwave-transparent reaction vessel, using 
the transducer to measure the initial force with which the transducer is urged against 
the vessel, applying microwave radiation to the vessel and its contents to initiate or 
promote a chemical reaction therein, monitoring any increased force exerted by the 
vessel against the transducer as the chemical reaction proceeds, moderating the 
applied microwave radiation based upon the difference between the initial urging 
force and the increased force, and releasing any excess pressure through the 
pressure-releasing portion. 

[0016] In another aspect, the invention is an instrument for microwave-assisted 
chemistry comprising a source of microwave radiation, a cavity in wave 
communication with the source, a vessel holder associated with the cavity for holding 
a reaction vessel in the cavity for exposure to microwaves from the source, a vessel 
clamp for engaging portions of the cavity and a reaction vessel when a vessel is in the 
vessel holder, a transducer in the clamp for bearing against a vessel In the vessel 
holder when the clamp engages the cavity with a vessel therein. 



Brief Description of Drawings 



[0017] 



Figure 1 is a perspective view of an instrument that can incorporate the pressure- 
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releasing closure according to the present invention. 

[001 8] Figure 2 is an exploded view of the pressure-releasing closure according to the 
present invention. 

[0019] Figure 3 is a cross-sectional view of the closure according to the present 
invention. 

[0020] Figure 4 is an enlarged view of a portion of the closure. 

[0021] Figure 5 is a schematic diagram of an instrument for microwave-assisted 
chemistry that incorporates the present invention. 

[0022] Figure 6 is a perspective view of the vessel and its septum and cap in both 
assembled and exploded fashion. 

Detailed Description 

[0023] In a first aspect, the invention is a pressure-sealing, pressure-monitoring closure 

for t non-invasively sealing a reaction vessel to a defined release pressure in 

microwave-assisted chemistry. Figure 1 is a perspective view of a single mode 

microwave instrument broadly designated at 1 0. A microwave attenuator 1 1 covers a 

microwave cavity inside the instrument 10 and supports a reaction vessel 12 in a 

manner that is illustrated in more detail in Figure 3. The closure of the present 

invention is used in conjunction with the attenuator 1 1 and a reaction vessel 12. The 
TM 

DISCOVER instrument from CEM Corporation, the assignee of the present 
invention, is exemplary (but not limiting) of the type of microwave instrument with 

which the present invention can be used. 



[0024] 



Figure 2 is an exploded view of a closure according to the present invention. The 
closure incorporates a pressure-resistant, microwave-transparent reaction vessel 12, 
one portion of which defines a mouth 1 3 for the vessel 12. The vessel 1 2 can be 
formed of any material that provides the necessary transparency to microwave 
radiation, thermal stability, strength to contain expected pressure, and resistance to 
chemical attack from the materials placed in it, including reactants, products and by- 
products. In many circumstances, the reaction vessel 1 2 is formed of a material 
selected from the group consisting of glass, quartz and polymers, because these 



APP ID=1 0065851 



Page 6 of 32 



supply the desired properties. 

[0025] A flexible pressure-transmitting releasable septum 14 is on the mouth 13 of the 
vessel 1 2. As used herein, the term "flexible'Yefers to a septum that can flex 
sufficiently under pressure (i.e., the internal gas pressure often generated in the 
vessel 1 2) to transmit the force of the pressure as it flexes. 

[0026] A pressure transducer 1 5 is on the septum 14 and external to the vessel 1 2 for 

monitoring the pressure in the vessel 12 as exerted against the flexible septum 14. In 
the illustrated embodiment, the transducer 1 5 includes a transducer button 1 6 
immediately adjacent the septum 14. In such an arrangement, the button 16 
physically transmits force directly to the transducer 1 5 while insulating the transducer 
1 5 from excess heat generated by a reaction in said vessel 12 and while protecting 
the transducer 1 5 from direct chemical contact with the contents of the vessel 12 if 
the septum 14 flexes sufficiently to open the vessel. 

[0027] A clamp, designated by the lines 20, is described herein in terms of its component 
parts. The clamp 20 urges the vessel 1 2, the septum 1 4 and the transducer 1 5 
together under a defined force so that when the pressure in the vessel 1 2 exceeds the 
defined force, the septum 14 can flex and release the pressure from the vessel 12. 

[0028] The invention also includes a flexible cap 17 for maintaining the septum 14 on the 
mouth 1 3 of the vessel 1 2 in a gas-tight relationship independent of the clamp 20 
and without interfering with the clamp 20 when the clamp 20 urges the vessel 12, the 
septum 14 and the transducer 15 together. In the illustrated embodiment, the cap 17 
and septum 1 4 define a cover assembly that fixes the perimeter of the septum 1 4 to a 
shoulder or rim on the perimeter of the mouth 1 3 while leaving the transducer 1 5 or 
the button 16 in contact with the septum 14. The flexible cap 1 7 can serve at least 
two purposes. First, it helps maintain the septum 14 in a favorable position on the 
mouth 1 3 of the vessel 1 2. Second, it provides a releasable gas tight seal (although 
not necessarily a high-pressure seal) for the reaction vessel 1 2. Thus, for reactions 
that should avoid certain gases ( e.g. , oxygen) or that should include others, the cap 
17 and septum 14 provide a means for including and maintaining such gases in the 
vessel 1 2 before, during, or after exposure to microwaves. 
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[0029] Figure 2 further illustrates that the clamp 20 includes means for adjusting the 

force with which the clamp 20 urges the vessel 12, the transducer 1 5, the septum 1 4 
and the flexible cap 1 7 together to thereby define the pressure at which cap 1 7 and 
septum 14 can flex and release pressure from the vessel 12. In the illustrated 
embodiment, the adjusting means comprises the motor 21 and a ram 22 in force- 
transmitting relationship with the transducer 1 5 and incrementally driven by the 
motor 21 for adjustably and incrementally changing the force with which the 
transducer 1 5 is clamped to the vessel 1 2. 

[0030] Stated differently, in the absence of any clamping force, excess pressure ( i.e. , 

above atmospheric) inside the vessel 12 will simply push off the septum 14. With the 
flexible cap 1 7 in place, the pressure inside the vessel will be maintained until it 
exceeds either the flex resistance of the cover 14 or the flexing strength of the cap 
1 7. With the clamp 20 in place, however, the pressure inside the vessel will be 
maintained until it reaches the predetermined force exerted by the clamp 20. 

[0031] In preferred embodiments, the septum 14 is formed of a material such as butyl 
rubber, siloxane polymers, or equivalent materials. The septum 14 is not limited to 
such materials, however, and can be formed of other materials ( e.g. , metal) provided 
that it transmits pressure in predictable fashion and is otherwise suitable for use with 
the various reactants, products, and by-products with which it comes in contact. 

[0032] 

Figures 2, 3 and 4 illustrate the matter in which the preferred embodiment carries 
out the clamping according to the present invention. In the illustrated embodiment, 
the motor 21 is fixed to the motor mount 23. The motor shaft 24 carries a pinion gear 
25. When the motor 21 rotates its shaft 24, the attached pinion gear 25 drives an 
internal gear 26 which is fixed to the body 27. In turn, the body 27 is fixed to the ram 
22 by the engagement of between the threads 30 on the ram and the threads 31 on 
the interior of the body. Accordingly, when the motor rotates the pinion gear 25, the 
internal gear 26, the body 27, and the ram 22 move upwardly and downwardly to 
clamp or unclamp the transducer 1 5 against the septum 1 4 and cap 1 7 of the vessel 
1 2. Only a very slight movement is required to apply the desired pressure, and in the 
illustrated embodiment, the total vertical movement of the ram is on the order of 
about 0.2 inches. The body 27 rotates against the bearing 32 at its lower (closest to 
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the vessel 12) position, and is limited in its upward movement by the spacer 33 which 
provides a hard stop for the upward movement of the ram 22 in conjunction with the 
locking pins 34 (Figure 4) that engage the slots 35 in the spacer 33. 

[0033] The clamp 20 grips the attenuator 1 1 with the gripping fingers 36 two of which 
(out of a total of four in the preferred embodiment) are illustrated in Figures 2 and 4. 
A collar spring (not shown) holds the gripper fingers 36 in place by resting in the 
spring channel 37. 

[0034] Figure 2 also illustrates that the transducer 1 5 can desirably be positioned using a 
transducer holder 40. As additional items, Figure 2 illustrates the cover 41 along with 
a pair of cover screws 42, motor mounting screws 43, and the additional mounting 
hardware 44. 

[0035] A number of these same elements are shown in greater detail and larger size in 
Figure 4 which illustrates the hardware inside of the cover 41 . Thus, it will be 
understood that the motor 21 extends upwardly above the cover 41 in the illustrated 
embodiment and does not appear in Figure 3 or Figure 4. Figure 4 also illustrates that 
the ram 22 carries a small collar 46 at its lower portions which in turn carries a series 
of small pins 47 that segregate the gripper fingers 36 from one another in the 
assembled clamp 20. 

[0036] Figure 3 illustrates a number of the same components in an assembled cross 
sectional view. In particular, Figure 3 illustrates how the gripper fingers 36 engage 
those portions of the attenuator 1 1 that surround the reaction vessel 12. For the sake 
of comparison, the gripper finger 36 on the left hand side of the vessel 1 2 is shown in 
its engaged position with the attenuator 1 1 , while the gripper finger 36 on the right 
hand side of the vessel 12 is shown in a released position. It will be understood that 
this is for purposes of illustration, and that the fingers would not be released and 
unreleased at the same time. As in the previous illustrations, the collar spring that 
holds the gripper fingers 36 is not illustrated, but the spring channel 37 in to which 
the spring fits is readily evident. Figure 3 also illustrates the ram 22 in direct threaded 
engagement with the body 27, with lower portions of the body 27 resting against the 
bearing 32. The ram 22 includes a horizontal plate 50 that bears against the 
transducer holder 40 which in turn bears against the transducer 1 5 and the transducer 
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button 1 6. These all in turn bear against the septum 1 4 and cap 1 7 on the vessel 1 2 
in the manner described previously. Although the pinion gear 25 is not illustrated in 
Figure 3, the internal gear 26 as fixed to the body 27 is illustrated and shows that as 
the internal gear 26 and the body 27 are driven by the motor 21 , the body 27 will 
move upwardly and downwardly with respect to the ram 22 thus bringing the ram to 
bear against the transducer 1 5, the septum 1 4 and the cap 1 7. Figure 3 also 
illustrates the vessel cap 1 7 that provides a gas tight seal for the vessel 1 2 
independent of the clamping action of the remainder of the instrument and the 
closure. 

[0037] The invention is not, however, limited to these particular mechanical 

arrangements, and other equivalent arrangements that provide the equivalent 
clamping function can be designed by those of ordinary skill in this art and without 
undue experimentation. 

[0038] Figure 5 is a schematic diagram illustrating a number of additional elements and 
processes according to the claimed invention. Figure 5 includes a microwave source 
52 for applying microwave radiation to the vessel 1 2 in a cavity 61 that is in wave 
communication with the source 52, typically through the waveguide 60. The diagram 
also illustrates means (one version of which is illustrated at 5 5) for moderating the 
microwave radiation applied to the vessel 12. A processor 53 is in signal 
communication with: the source 52 through the connection 54; the moderating means 
55 through the connection 56; and the transducer 1 5 through the connection 57. The 
processor and its connections provide the means for moderating the microwaves 
applied by the source 52 in response to pressure in the vessel 12 as measured by the 
transducer 1 5. Figure 5 schematically illustrates one type of moderating means as the 
optical or wave-based moderating means 55 which changes the characteristics or 
focusing of the microwaves as they proceed from the source 52, typically through the 
waveguide indicated by the connecting line 60, into the cavity schematically illustrated 
at 61. The nature, design, and operation of waveguides is well-understood in this art 
and will not be otherwise described in detail The dashed arrow 62 indicates an 
alternative path for the waveguide which incorporates the optical moderating means 
55 rather than a different moderating means. The optical moderation of microwaves 
can be carried out in a number of different manners depending upon the wavelength 
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and power of the applied microwaves. An exemplary method of moderating 
microwaves in an optical manner is set forth in commonly assigned U. S. Patent No. 
5,796,080. Microwaves are, of course, outside of the range of frequencies visible to 
the human eye. Thus, the term "optical"is used herein to describe moderation of 
microwave radiation after it has been generated at a source. 

[0039] The clamp 20 is also schematically illustrated in Figure 5, and as described earlier, 
engages portions of the cavity 61 (typically through the attenuator; e.g. , Figure 3), 
and the reaction vessel 1 2 when a vessel is in the cavity (or the relevant vessel- 
holding portion of the cavity). In this manner, the transducer 1 5 in the clamp 20 bears 
against the vessel 12 in the cavity 61 when the clamp engages the cavity, or its 
attenuator ( e.g. , Figures 2-4). 

[New Section Title] 

[0040] The clamp 20 is also in communication with the processor 53 through the 
respective connection 74 thus permitting the transducer 1 5 to measure the net 
pressure from the vessel 1 2 rather than the gross pressure applied by the clamp 20. 
Just as advantageously, the communication between the clamp 20 and the processor 
53 provides the means for adjusting the force with which the clamp 20 engages the 
transducer 1 5 against the vessel 1 2. The input/output 67, and its communication with 
the processor 53, also facilitates this adjustment. 

[0041] 

Figure 5 also schematically illustrates a power supply 63, and it is well understood 
that the microwaves can be moderated by changing the power applied to a microwave 
source. Accordingly, the power supply 63 and source 52 are in communication 
through the connection 64 and the power supply 63 is in signal communication with 
the processor 53 through the connection 65. Because the processor 53 is in signal 
communication to the source 52, the application of microwaves can also be 
moderated by changing the duty cycle of the source. The moderation of the duty cycle 
is a well understood and generally conventional manner of moderating microwaves 
and thus has the advantages of simplicity. As understood by those in the art, however, 
controlling the power can have a more sophisticated effect for changing the 
microwaves in incremental fashion. A method and apparatus for doing this in 
connection with microwave-assisted chemistry are set forth in commonly assigned U. 
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S. Patent No. 6,084,226 which is incorporated entirely herein by reference. 



[0042] 



The connections between elements referred to herein and illustrated in Figure 5 



are typically electrical connections, most commonly wires and connectors. The 
invention is not limited to electrical wiring, however, and other signal connections 
such as fiber optics or even wireless connections can be used as desired, necessary or 
appropriate. 



monitoring and releasing pressure in a reaction vessel in microwave-assisted 
chemistry. In this aspect, the invention comprises clamping a microwave-transparent 
reaction vessel 12, and a pressure-sensing transducer 1 5 together with the 
transducer 15 and the vessel's flexible, pressure-releasing cover assembly ( e.g. , cap 
1 7 and septum 14) in pressure-transmitting contact with one another, taring the 
clamping force from the transducers measurement so that the transducer 1 5 
measures the net force exerted by pressure in the vessel 12 and against the cover 
assembly, applying microwave radiation to the vessel 12 and its contents, and 
monitoring the pressure sensed by the transducer 1 5 as the microwaves are applied to 
the vessel; i.e., as the reaction proceeds. Although the term "clamping" is used herein, 
it is used in a broad sense to include synonyms such as fastening, holding, gripping 
or grasping. 

[0044] In preferred embodiments, the clamping step comprises clamping the flexible cap 
17 and septum 14 to the vessel 12 and adjusting the clamping force to a 
predetermined applied amount so that when pressure in the vessel 1 2 exceeds the 
predetermined applied amount, the cap 1 7 and septum 1 4 will flex and release the 
excessive pressure. In this manner, the instrument and closure can be used to set the 
pressure at which the closure will release, and this pressure can be selected (within 
the physical strength limits of the various elements) as desired based upon the 
reaction being carried out or other relevant factors. 

[0045] j ust as importantly, however, the described structure permits the pressure in the 

vessel 1 2 to be monitored at pressures below the predetermined release pressure, and 
in turn the microwave radiation applied to the vessel 12 can be moderated in response 
to the measured pressure. In this manner the progress of a reaction can be controlled 



[0043] 



In its method aspects, the invention represents in improvement for non-invasively 
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as desired or necessary under various circumstances. 

[0046] In a preferred embodiment, the step of moderating the microwave radiation 

comprises programming the processor 53 that is in signal communication with the 
microwave source 52 applying the radiation and in signal communication with the 
transducer 1 5. 

[0047] As general considerations, the method can also include the steps of adding 
reactants to the vessel 1 2, placing the septum on the vessel 1 2, and sealing the 
septum 1 4 to the vessel 1 2 with the flexible cap 1 7, all prior to the step of clamping 
the vessel 12, the cap 17, the septum 14, and the transducer 15 together. 

[0048] The method can further comprise the step of stopping the applied microwaves, 
allowing the vessel 1 2 to cool, and then unclamping the vessel 1 2 to release any 
residual pressure. 

[0049] With the processor 53 and its relationship to the other elements understood, the 
method can further comprise the steps of recording the initial clamping force as 
measured by the transducer 1 5 prior to applying the microwave radiation, then 
ignoring the initial force when measuring the pressure with the transducer 1 5 as the 
microwaves are being applied. 

[0050] By ignoring the initial force in a manner entirely analogous to taring a balance the 
force (pressure) measured thereafter represents the pressure generated inside of the 
vessel 1 2. 

[0051] In this aspect, the step of taring the clamping force can comprise programming 

the transducer 1 5 to ignore the initial clamping force prior to the step of applying the 
microwave radiation, and the step of programming the transducer 1 5 essentially 
comprises programming the processor 53 that is in signal communication with the 
transducer 1 5 as illustrated in Figure 5. 

[0052] 

Expressed in another aspect, the method of non-invasive pressure measurement 
and control in microwave assisted chemistry according to the invention includes the 
steps of urging the transducer 1 5 against the flexible portion of a microwave 
transparent reaction vessel 12, using the transducer 1 5 to measure the initial force 
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with which the transducer is urged against the vessel 1 2, applying microwave 
radiation to the vessel 12 and its contents to initiate or promote a chemical reaction 
therein, monitoring any increased force exerted by the vessel 1 2 against the 
transducer 1 5 as the chemical reaction proceeds, and potentially moderating the 
applied microwave radiation based upon the difference between the initial urging 
force and the increased force. 

[0053] As set forth, earlier, in preferred embodiments, the step of urging the transducer 
1 5 against the vessel 1 2 comprises urging the transducer 1 5 in contact against the 
flexible cover assembly on the mouth 1 3 of the vessel 1 2. 

[0054] In preferred embodiments, the step of measuring the initial force comprises 

sending a signal from the transducer 1 5 to the processor 53 in communication with 
the transducer 1 5 and from the processor 53 to the input/output 67 in 
communication with the processor 53 through the connection 70. 

[0055] In this embodiment, the step of monitoring the increased force likewise comprises 
forwarding a signal from the transducer 1 5 to the processor 53 in communication 
with the transducer 1 5. In preferred aspects, the invention comprises forwarding a 
pressure measurement signal in turn from the processor 53 to an output, again 
illustrated schematically as the input/output 67 in Figure 5. 

[0056] As used herein, the terms "processorr*input,"and "output,"have their well- 
understood meanings in the computer and electronic arts. Downing, Dictionary of 

th 

Internet and Computer Terms, (6 ed. 1 998), and the Microsoft Computer 
th 

Dictionary, (4 ed. 1 999), are exemplary sources for defining and understanding 
these terms. 

[0057] 

Similarly, techniques for using measured information to control a process in a 
feedback fashion are generally well-understood in this and other arts. Exemplary 
techniques can be found in Dorf, The Electrical Engineering Handbook, 2d ed. 1997) 
at Chapter 100, "Control Systems. "The microwave source 52 schematically illustrated 
in Figure 5 can be any suitable source of microwave radiation, and is typically selected 
from the group consisting of magnetrons, klystrons, and solid state sources. Similarly, 
the cavity 61 comprises a single mode cavity in preferred embodiments for the 
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reasons set forth in the background of the invention. 



[0058] 



In preferred embodiments, the instrument also comprises means such as the 



infrared detector schematically illustrated at 72 for measuring the temperature in the 
cavity 61 . Depending upon the focusing of the temperature detector 72 and other 
factors, it will be understood that the detector can measure the temperature of the 
environment in the cavity, the temperature of the vessel, or the temperature of the 
contents, or some combination of all of these factors. Figure 5 also illustrates that the 
temperature detector 72 is in signal communication with the processor 53 through its 
connection 73. A detailed explanation of infra-red temperature control in the context 
of microwave assisted chemistry is set forth in commonly-assigned U.S. Patent No. 
6,227,041 the contents of which are incorporated entirely herein by reference. 

[0059] Perhaps most advantageously, the structure set forth herein demonstrates how 
the force with which the clamp 20 engages the transducer 1 5 against the vessel 1 2 
can be adjusted. This is typically carried out by the input/output means 67 and the 
processor 53 for programming the processor 53 to apply a predetermined engaging 
force to the clamp 20 and the transducer 1 5 against the vessel by controlling the 
motor 21 (Figure 2). 

[0060] Figure 6 is an enlarged, side by side perspective view of the vessel 1 2, the septum 
14, and the cap 17, and illustrates the vessel aspects of the present invention in both 
assembled and exploded fashion. The vessel 12 includes a microwave transparent well 
1 8 illustrated as the lower portions of the vessel 1 2 in Figure 6. As illustrated in 
Figure 6, the vessel 1 2 is cylindrical in shape and resembles a test tube, which is a 
convenient shape for a number of reasons. It will be understood, however, by those of 
ordinary skill in this art that the shape of the vessel 1 2 or well 1 8 can vary, provided 
the vessel otherwise meets the criteria for being inert to the reactants, products and 
byproducts, substantially transparent to microwave radiation, and strong enough to 
withstand the expected pressures. 

[0061] The eX p| oc |ed portion of Figure 6 also illustrates the mouth 1 3 and shows how the 
flexible septum 14 is positioned on the mouth 1 3. In particular, Figure 6 illustrates 
the flexible cap 1 7 in greatest detail. The cap 1 7 engages the mouth 1 3, particularly 
through the mouth"s lip or shoulder 19, and secures the septum 14 in a pressure 
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sealing relationship on the mouth 13 that is defined by the flexing strength of the cap 
17 to thereby maintain the septum 14 in the pressure sealing relationship under 
pressures less than the flexing strength of the cap 1 7 and for permitting the cap 1 7 
and septum 14 to flex and controllably release pressures in the vessel 12 that are 
greater than the flexing strength of the cap 1 7. In preferred embodiments and for 
typical reaction purposes, the cap 1 7 has a flexing strength of at least one 
atmosphere, and more preferably a flexing strength of at least two atmospheres. 

[0062] It will also be understood that the term "releasing pressure"in reality, refers to the 
release of a gas from the vessel 1 2 that exerts pressure against the interior of the 
vessel. This is a basic understanding, however, and need not be carried forward in any 
further detail. 

[0063] Figure 6 illustrates the cap 1 7 and the septum 14 as separate pieces, but in other 
embodiments, they can be formed as an integral piece, as may be more convenient 
under certain circumstances. The use of separate pieces can help optimize the specific 
performance parameters of the septum 14 and those of the cap 17, while the use of a 
single integral piece can offer manufacturing or handling advantages based upon a 
fewer number of parts. 

[0064] In presently preferred embodiments, the cap is typically formed of a polymer, 

most preferably polypropylene, and the septum is typically formed from butyl rubber 
or a siloxane polymer, either of which is chosen as may be appropriate for its flexing 
strength and general lack of reactivity with most other chemical reactants. The choice 
of these materials is not limited to polypropylene, butyl rubber and siloxane, and it 
will be understood that any materials that provide appropriate flexing and pressure 
release characteristics can be successfully incorporated. 

[0065] In the drawings and specification there has been set forth a preferred embodiment 
of the invention, and although specific terms have been employed, they are used in a 
generic and descriptive sense only and not for purposes of limitation, the scope of the 
invention being defined in the claims. 



APP ID=10065851 



Page 16 of 32 



